Availability of nesting sites can limit accipiter populations. Because accipiters nest in dense forest stands, any alteration that opens these stands is likely to lessen their desirability as nest sites. Tree growth and the associated changes in the vegetative structure of aging nest sites limit the number of years sites will be suitable. Therefore, prospective replacement sites should be selected within the core areas of home ranges before precommercial and commercial harvesting begins.
Introduction
Reynolds (1979) and Reynolds et al. (1982) have shown that sharp-shinned hawks, Cooper's hawks, and gos hawks in Oregon have specific nesting habitat require ments. They also found that this specificity makes breed ing accipiter populations vulnerable to some forest management practices. Precommercial and commercial thinning decrease nesting habitat for the first two species; harvesting of mature forests decreases goshawk nesting habitat. If forest managers are to mini mize the impacts of timber management on these species, they need: (1) an estimate of the number of nest sites required to maintain populations of each species in large areas, (2) to identify specific nesting habitats for accipiters, and (3) to include management of these sites in forest management plans.
The findings of Reynolds and Wight (1978) , Reynolds (1979) and Reynolds et al. (1982) on the density of nesting pairs, the vegetative and physiographic struc ture of nest sites. and the within-season and annual pat terns of use of a site by pairs of accipiters in Oregon are summarized here. Estimates of home range size and movements of the North American accipiter during ' Unit and USDA Forest Service, Pacific Northwest Forest and Range Experiment Station. breeding are reviewed and compared with some reliable estimates of size of home range for European accipiter. Finally, some recommendations on management of ac cipiter habitat are presented. This paper presents a habitat management scheme that accounts for the intermixture and dispersion of nesting sites for each species as well as for the turnover of nest sites resulting from stand growth and associated changes of the vegetative structure. This scheme should provide land managers with the tools to: (1) identify ac tive and potentially active nest sites; (2) produce and maintain the important structural elements within sites; and (3) distribute suitable nesting habitat over time and geographic area.
Although this research was done in Oregon, the un derlying concepts and accipiter nesting behavior should be comparable throughout the western coniferous forests. Reports in the literature from the western United States and the preliminary findings of habitat studies of these species in Colorado support this contention.
Methods
Nests were surveyed during the nesting seasons (April through August) from 1969 through 1979. Aerial photographs (scale = 1:12,000 to 1:24.000) and topo graphical maps (1:24,000) were used to locate potential nest sites on the basis of topography and stand density (Reynolds 1982) . To ensure an accurate determination of the density of pairs of each species, two large, forested study areas (9,284 and 11,741 hal were intensively sear ched for nests ( fig. 1 ). Distance between nests of con specifics was measured; because some pairs used alter nate nest sites in different years, these distances were calculated yearly.
The methods used to quantify the vegetative and physiographic structure of nest sites are described by Reynolds et al. (1982) . The vegetation sampling was designed so that the entire stand containing the nest tree could be characterized. Nest-site use patterns were determined by observations from blinds in the early nesting season and from locations of plucked prey, molted feathers, and accumulation of feces. Various behaviors were observed during visits to nest sites throughout the nesting period. Nest-site use patterns between two or more alternate sites were determined by following pairs through three to five breeding seasons (Reynolds and Wight 1978) .
Nest Density and Spacing
Nests of each Accipiter species were found from near sea-level to near timberline. In the intensively searched study areas, nest densities were one goshawk nest per 2,750 ha, one Cooper's hawk nest per 1,992 ha, and one sharp-shinned hawk nest per 2,750 ha. Because of edge effect, however, these figures are only rough estimates of density. Home ranges of these species are large enough to make it probable that a study boundary would cut off portions of one or more range. Therefore, the size of these study areas could have been changed with little or no change in the number of nests included within the boundaries. Distances between nests provide another estimate of density. The combined (years and study areas) mean nearest neighbor distances between nests of conspecif ics were 5.6 km (range, 2.4 -8.4 km) for goshawks, 4.7 km (range, 2.6 -6.9 km) for Cooper's hawks, and 4.1 km (range, 1.8 -6.0 km) for sharp-shinned hawks (Reynolds and Wight 1978) .
Nesting Chronology
Goshawks and Cooper's hawks usually appeared in their nest sites in late March; sharp-shinned hawks ar rived in late April. Mean clutch completion dates were May 6 for goshawks, May 14 for Cooper's hawks, and May 26 for sharp-shinned hawks. Date of nesting did not vary much with elevation. For each species, incubation lasted approximately 30-32 days. Young fledged about 36 days after hatching for goshawks, 29 days for Cooper's hawks, and 23 days for sharp-shinned hawks. After fledging, the young were fed by the adults, and re mained in the vicinity of the nest for 3G-50 days.
Nest Sites
Accipiter "nest sites" are defined as the forest stand containing the nest tree, including both the structural features of the vegetation (e.g., tree density, canopy Adapted from Reynolds and WIght (1978) . closure) and the land form (e.g., slope, aspect) within an area used by a pair and their fledglings during the nesting season . Thus, the bound aries of nest sites were determined by observations of the movements of the adults and fledged young as well as the locations of prey plucking areas and roosts. Nest sites in Oregon measured in this way ranged from ap proximately 4 ha for sharp-shinned hawks to 6 ha for Cooper's hawks, and from 8 ha to 10 ha for goshawks. Many nest sites had limits that coincided with bound aries between discrete vegetation structures (e.g., a dense patch of second-growth surrounded by mature forest) or tree species (a patch of fir surrounded by pine forests). Other sites had boundaries that coincided with topographic features (e.g., the tops of two parallel ridges on either side of the nest). The boundaries of some sites, however, did not coincide with vegetative or topo graphic features. These were typically in flat terrain and in large stands with homogeneous vegetative structure. Bartelt (1974) used a different method to determine the size of the "nesting territory" of goshawks in South Dakota. He approached goshawk nests from various directions and noted the distance at which his approach elicited nest defense from the female. He found that the nesting territories were centered on the nests, and ranged from about 5 ha to 6 ha.
In Oregon, nest sites of the three species had similar physiographic but dissimilar vegetative structures. Most of the nests were on gentle to moderate slopes (0-30%) with northerly exposures (NW-NE) ). In addition, most nest sites contained, or were ad jacent to, quiet, ephemeral streams or springs. Nest trees typically were located on the lower portions of the slope near the water. In steeper areas, nest sites were frequently on benches or near the bottoms of stream headwalls. However, a few sites of each species were on slopes well above streams. Physiographic features in Oregon were similar to those for nests of the three species in Utah (Hennessy 1978) and for goshawks in both Colorado (Shuster 1980) and South Dakota (Bartelt 1974) . In the area of Fairbanks, Alaska, however, the majority of 37 goshawk nests on hillsides had southerly aspects (McGowan 1975) .
The most notable vegetative characteristics common to nest sites of the three species in Oregon were high canopy closure and tree density. Both factors, especially when combined with northerly exposures, produced shady, cool conditions below the forest canopy. The principal habitat differences among species were asso ciated with the age of the stands: sharp-shinned hawks nested in from 25-to 50-year-old, even-aged conifer stands; Cooper's hawks in from 30-to 70-year-old, even aged conifers with somewhat larger and more widely for light. As a consequence, these stands had shallow canopies and many dead limbs on the boles below the crowns. Sunlight was sufficiently filtered to limit ground vegetation to mosses (Eurhynchium spp.) and sword ferns (Polystichum munitumJ. Goshawks require trees with big limbs to support their large nests, and, not sur prisingly, tend to place their nests in one of the larger trees on their nest sites (Bartelt 1974 , McGowan 1975 . Goshawk nests in Oregon were in stands ranging from those with closed, mature canopies with few shade-tolerant understory trees to stands with more open, mature canopies and many understory trees. During nesting, the activity of a pair (copulation, roosting, prey handling) was concentrated in the area upslope from the nest tree. Roosts, particularly toward the end of the nesting, were marked by accumulations of feces and molted feathers. Prey were plucked on tops of stumps, logs, and large horizontal limbs below the canopy. Prey plucking areas were marked by accumula tions of feathers, fur, and bones. Mean distances of the most frequently used prey plucking area from nest trees for sharp-shinned hawks was 41 m (range 21-52 m), for Cooper's hawks 54 m (range 42-86 m), and for goshawks 45 m (range 27-74 m) .
Nest sites were frequently used for more than 1 year. However, if sharp-shinned hawks and Cooper's hawks reused a nest site, they frequently built new nests, usually within 100 m of the old ones. Goshawks com monly used the same nests for many years, or alternated between two or more nests within a site. Many gos hawks and a few Cooper's hawks irregularly used alter nate nest sites. Of the three species, the goshawk showed the greatest site fidelity. For example, it was not uncommon for pairs to occupy a single nest site for 5 or more years, and one particular site was still active 10 years after its discovery. Cooper's and sharp-shinned hawks demonstrated much lower site fidelity. Of the Cooper's hawk sites, 27% and 11% were reoccupied the second and third year respectively; 40% of sharp shinned hawk sites were reoccupied the second year, and none thereafter (Reynolds and Wight 1978) . The lesser fidelity of the latter two species may be related to two factors. First, both are small and migratory (Wattel 1973) and may suffer losses to predators and accidents during migration, and, second, due to tree growth and a rapid nest site turnover, pairs of these two species are more often forced to resettle in more suitable stands.
Home Ranges
To investigate the effects of tree harvests on the foraging ecology of accipiters, it is important to know the size of their foraging areas, as well as the variety of habitats within ranges and the frequency at which each is used.
Home range size of accipiters during breeding has been estimated by: (1) observing marked birds or birds of known identity in areas about nests (Craighead and Craighead 1956 ); (2) observing adults leaving a nest area above the forest canopy and repeatedly noting the distance and direction traveled (Reynolds 1979); (3) assuming that ranges are circular and nonoverlapping, and using some measure of nest spacing (Newton et al. 1977 , Reynolds 1979 ; (4) plotting the location of capture of marked prey whose remains were found at accipiter nests (Eng and Gullion 1962) ; and (5) monitoring the movements of adults using radio-telemetry (Marquiss and Newton 1981) . Reynolds (1979) compared observa tions of direction and distance traveled by males leaving nest sites with measures of nest spacing, and found these estimates to be comparable for Cooper's and goshawks but not for sharp-shinned hawks (populations of this species were apparently not at the saturation level). Marquiss and Newton (1981) found that the theoretical mean range size based on nest spacing in sparrowhawks lA. nisus) determined by Newton et al. (1977) closely agreed with range size of radio-tagged males in the pre-egg laying and incubation periods. Mar quiss and Newton (1981) also demonstrated that home ranges during breeding were centered around nests, and that ranges were smallest when the adults were at tending the nest (pre-laying, incubation, and brooding) and increased as the food needs of the family increased.
Estimates of home range sizes in Oregon (Reynolds 1979) were considerably larger than the ranges reported for the same species in Michigan and Wyoming by Craighead and Craighead (1956) (table 1) . These dif ferences not only reflect the different techniques used, but also may reflect an actual geographic variation in range size. Meng (1951) reported that Cooper's hawks in New York foraged up to 2.4 km from the nest, a distance comparable to the observed movement of this species in Oregon. Eng and Gullion (1962) plotted the locations of known capture sites (drumming territories) of marked ruffed grouse (Bonasa umbellus] killed by a pair of goshawks and delivered to their nest. The goshawks' range was approximately circular and, although the hawks foraged primarily in an area of 1250 ha, they foraged up to 2.5 km and possibly beyond.
To further evaluate the estimates of range sizes of North American accipiter, they were compared to range size estimates of two European accipiter (table 1) and the relationship between accipiter body weight and range size was examined ( fig. 3 ). The European spar rowhawk (A. nisus] is between the sharp-shinned and Cooper's hawks in both weight and home range size, and the European goshawk is similar to the American sub species in weight and in home range size. Increased range size with increased body weight not only reflects the increased food demands of the larger hawks, but also the decreased density of their larger prey (Reynolds 1979 In Oregon, the proportional use of habitat types for foraging was not determined. Observations of foraging hawks indicated, however, that a variety of habitats, from openings to dense forests, were utilized. Because accipiters are more easily seen in openings than in dense forest, it is easy to conclude that these hawks prefer edges or openings (e.g., see Wattel 1973) . Mar quiss and Newton (1981) found that the sparrowhawks in Britain used woodland more often than expected based on the proportion of woodland in their ranges, and Kenward (1982) found that goshawks in England spent 50% of the daylight hours in woodlands, although only 12% of their ranges were wooded.
Identification of habitat use by North American ac cipiter will require radio-telemetric monitoring. Hawks should be monitored in both winter and summer, and in conjunction with measures of successional stage and age of habitat, vegetation structure, patch size, position in patch, and the spatial relationship of patches with respect to nests (summer) or roosts (winter).
Nest Site Management
To understand the habitat affinities of a species, it is necessary to know whether the species randomly settles into a habitat, or makes an active choice of a habitat. Reynolds et al. (1982) examined nest sites of accipiters by comparing the within-to among-species variation of the habitat variables within nest sites. The analysis showed a significantly greater variation among species, demonstrating that the association of these species with their habitat is at least not random. Reynolds et al. (1982) suggested that the use of dense stands by ac cipiters was adaptive in that vegetation· protected the adults and fledged young from predators and provided shaded, relatively mild environments. If this is true, then accipiters probably choose nest sites on the basis of the stand's overall appearance (e.g., density, height, and presence of water), and, after settling into the stand, select a nest tree. The contention is that the entire nest stand-not just the immediate nest area-is important in accipiter nesting. Choice of a nest tree is secondary; if a pair settles into an acceptable stand, many suitable trees will be available.
If an accipiter nest is found in an area to be harvested, the entire nesting stand should be main tained. Protected areas about accipiter nests should in clude portions of the stand upslope from the nest con taining the plucking and roost sites, the nest, and some portion of the stream (if one is present). The shape of un cut areas will be determined partly by the topography; they should be round or oblong in flat areas, and broad based triangular or sectorial in steep terrain with the bi secting radius beginning below the nest and running up slope through the nest tree. Nest sites should not be isolated by silvicultural treatments (clearcutting, com mercial thinning).
Accipiter nest sites in Oregon represent specific stages in forest stand succession. As a stand matures its structure changes. Thus, a stand is suitable for nesting for a limited time. Change is particularly rapid in sharp shinned hawk and Cooper's hawk nest sites, because these stands are under intense competition for light-conditions resulting in rapid height growth and, through attrition, stem density reductions. Because of age-related changes, sharp-shinned hawk nesting habitat may become suitable habitat for Cooper's hawks and eventually for goshawks. To maintain nesting populations of accipiters, prospective nest sites with ap propriate projected vegetative structure and physiography must be identified before they are precom mercially or commercially thinned. Thinning prospec tive stands will result in reduced tree densities and deeper crowns, and may ultimately reduce their desir ability as nest sites.
To maintain accipiter populations, nest sites must be dispersed throughout a management area. Assuming that 1.2 km represents the radius of the home range of a pair of sharp-shinned hawks, there would be approx imately 20 pairs of sharp-shinned hawks per township (9, 324 ha, 36 mi 2 ), if the habitat was suitable and if filled to capacity. Providing two potentially active (1 active, 1 alternate site) and two prospective replacement sites for each pair would require a total of 80 sites per township. The distance between the centers or core areas (areas containing the active, alternate, and prospective re placement sites) of the home ranges should approximate the mean distance between nests of neighboring pairs. The potentially active sites and their replacements should be located no farther than 0.5 km apart.
Cooper's hawk pairs should also be provided two potentially active sites and two replacement sites. A mean distance of 4.7 km between nests of Cooper's hawks results in a density of 5 pairs per township. To maintain this density, 10 potentially active and 10 replacement sites should be provided. The active and replacement sites should be dispersed within the core areas in a manner as for sharp-shinned hawks. Sharp shinned hawk sites that, because of age, are no longer suitable for this species, but lie within a Cooper's hawk core area, should be maintained as replacement sites for Cooper's hawks.
Goshawk pairs also should be provided two poten tially active and two replacement nest sites. Because goshawks nest in mature or old-growth stands whose structure is changing relatively slowly, nest sites may be used for many years. However, considering the age of these stands, it is especially important to identify the re placement sites early. Because goshawks require closed or nearly closed canopies of mature trees, tree harvests within replacement stands are not recommended.
A mean distance of 5.6 km between goshawk nests results in an approximate density of four goshawk pairs per township. To maintain this density, eight potentially active sites and eight replacement sites should be pro vided. The active site and its replacement in each core area should be no farther than 0.5 km apart and not closer than 0.2 km. The distance between an active and alternate site should not exceed 1.0 km.
Cooper's hawk nest sites may be maintained beyond the suitable age for this species to serve as replacement sites for goshawks. However, if the intention is to pro vide goshawk nest sites by maintaining old sharp shinned hawk and Cooper's hawk sites, the size of the original leave areas should meet the minimum required by the final target species.
It should be noted that the distance between pairs of hawks and their density is not a one to one relationship; that is, the density varies in proportion to the square of the distance between nests. For example, to manage for one-half of the density in the Oregon study areas, the distance between nests of Cooper's hawks will increase from 4.7 km to 6.7 km, and for goshawks from 5.6 km to 7.9 km. A doubling of the distance between nests may result in a 75% reduction in pairs. In cases where it is not feasible to provide the recommended number of sites, a preferred option is to forego providing alternate nest sites and their prospective replacements rather than opt for a more certain reduction in density by in creasing the distance among pairs. Reynolds, Richard T. 1983 Because accipiters nest in dense forest stands, any alteration that opens these stands is likely to lessen their desirability as nest sites.
Tree growth and the associated changes in the vegetative structure of aging nest sites limit the number of years sites will be suitable.
Therefore, prospective replacement sites should be selected within the core areas of home ranges before precommercial and commercial harvesting begins. Keywords: Accipiter striatus, Accipiter cooperii, Accipiter Because accipiters nest in dense forest stands, any alteration that opens these stands is likely to lessen their desirability as nest sites. Tree growth and the associated changes in the vegetative structure of aging nest sites limit the number of years sites will be suitable. Therefore, prospective replacement sites should be selected within the core areas of home ranges before precommercial and commercial harvesting begins. Keywords: Accipiter striatus, Accipiter Because accipiters nest in dense forest stands, any alteration that opens these stands is likely to lessen their desirability as nest sites.
Tree growth and the associated changes in the vegetative structure of aging nest sites limit the number of years sites will be suitable. Therefore, prospective replacement sites should be selected within the core areas of home ranges before precommercial and commercial harvesting begins. Because accipiters nest in dense forest stands, any alteration that opens these stands is likely to lessen their desirability as nest sites. Tree growth and the associated changes in the vegetative structure of aging nest sites limit the number of years sites will be suitable.
Therefore, prospective replacement sites should be selected within the core areas of home ranges before precommercial and commercial harvesting begins. Keywords: Accipiter striatus, Accipiter cooperii, Accipiter gentilis, 
Rocky Mountain Forest and Range Experiment Station
The Rocky Mountain Station is one of eight regional experiment stations, plus the Forest Products Laboratory and the Washington Office Staff, that make up the Forest Service research organization.
RESEARCH FOCUS
Research programs at the Rocky Mountain Station are coordinated with area universities and with other institutions. Many studies are conducted on a cooperative basis to accelerate solutions to problems involving range, water, wildlife and fish habitat, human and community development, timber, recreation, protection, and multiresource evaluation.
RESEARCH LOCATIONS
Research Work Units of the Rocky Mountain Station are operated in cooperation with universities in the following cities: 
